Infants 4 to 17 weeks of age were presented with sound which was contingent upon nonnutritive sucking. When the infants gave evidence of satiation to the initial stimulus, a contrasting sound was substituted. Significant response recovery was found when the stimuli were vowel contrasts but was absent when the stimuli were tones differing in frequency.
and, consequently, greater kinesthetic-proprioceptive feedback, Koltsova (in Brackbill, 1962) argued that such feedback must provide the crucial perceptual cue. However, as the more recent consonant studies (Eimas et al., 1971; Moffitt, 1971; Trehub & Rabinovitch, 1972 ) employed sounds typically absent from the vocal emissions of young infants, Koltsova's explanation appears unlikely. Substantial methodological differences between the Russian and American research make one reluctant to accept Koltsova's evidence of nondifferentiation of vowels as a final verdict.
Accordingly, a series of investigations to explore vowel discrimination was carried out using the Trehub and Rabinovitch (1972) procedure. The four experiments in this series differ only with respect to the stimuli employed. In Experiments I and II the stimuli, presented in consonant-vowel format, were [pa] , [pi] and [ta] , [ti] , respectively. In Experiments III and IV, the vowel contrasts, presented alone, were [a] , [i] , and [i] , [u] , respectively. This selection of stimuli made it possible to explore a secondary issue, the importance of transitional cues produced by the coarticulation of consonant and vowel.
The stimuli used in this first series of experiments were natural human sounds. Synthetic sound stimuli which permit the systematic manipulation of acoustic variables deviate noticeably in quality from real speech. Since the principal concern was to designate some changes in real speech to which infants are responsive, it seemed particularly appropriate to use natural stimuli and to forego, for the moment, precise specification of stimulus differences.
Studies of frequency discrimination in a nonspeech context, although numerous, have yielded contradictory information, with successes reported by Kasatkin and Levikova (1935) , Bronshtein et al. (1958) , Birns et al. (1965) , and Bronshtein and Petrova (1967) , failures by Goodman, Appleby, Scott, & Ireland (1964) , Keen (1964) , and Leventhal and Lipsitt (1964) and ambigious results by Bridger (1961) . The variety of dependent measures employed in these studies makes comparison difficult, if not impossible.
Accordingly, a second series of experiments was undertaken to examine infant responsiveness to simple tones differing in frequency. The Trehub and Rabinovitch (1972) paradigm was again employed to permit an evaluation of the relative effectiveness of speech and nonspeech signals as dishabituators. In Experiments V and VI, the stimuli were square-wave tones of 1,000/2,000 and 100/200 cycles per second, respectively. Hutt, Hutt, Lenard, von Bernuth, & Muntjewerff (1968) have suggested that square waves, particularly those with low-frequency fundamentals, are biologically potent stimuli because of their structural similarity to human speech sounds. In Experiment VII, sine waves of 200 and 1,000 cycles per second were contrasted.
Method

Apparatus
The apparatus has been described in detail by Trehub and Rabinovitch (1972) . Briefly, it consists of a blind nipple attached to a pressure transducer which yields a polygraphic recording of sucking. Pen deflections beyond a specified level activate a tape recorder wired to a speaker directly behind the semireclining infant. The tape recorder stops automatically after a single sound stimulus, ready to be reactivated by further pressure on the nipple. Criterion sucks per minute are recorded by counters. Ambient noise level at the site of the infant's head was 38 decibels (A weighting).
Procedure
Infants were always awake at the beginning of the testing session. The experiment then proceeded without interruption despite occasional apparent alterations in the infants' states.
An assistant inserted and held the nipple in the infant's mouth, replacing it immediately when ejected. After approximately 30 seconds of sucking, the criterion level for each infant was adjusted such that most of the infant's sucks would be of sufficient pressure to activate the sound. Following a 1-minute period of base-line sucking, the sound stimuli, in counterbalanced order, were delivered contingent upon criterion sucking. Thus one stimulus was presented to half of the experimental and control subjects, the contrasting stimulus to the other half. Habitation to the stimulus was defined as a decreased sucking rate, at least 33%% below the infant's highest rate, maintained for 2 consecutive minutes. When the habituation criterion was reached the contrast stimulus was substituted for infants in the experimental condition. An equal number of control babies received no change in stimulation. Sensitivity to the change in sound was inferred from significant recovery of sucking rate of the experimental as compared to the control groups.
Subjects
The subjects were 182 infants, 4 to 17 weeks of age, whose services were volunteered in response to mail solicitation. Infants were excluded from the study on the following bases: if they failed to reach an a priori minimum of 20 sucks per minute, if they failed to emit any sucks in the minute following the habituation criterion, if they cried persistently, or if their guardians requested the termination of the session. Infants were assigned to experimental or control groups so as to equalize as far as possible the age and sex composition of these groups. Each experimental or control group comprised 10 subjects in the case of Experiments I-IV, and 12, 19, and 20 in Experiments V, VI, and VII, respectively. The age range and median age of subjects for each of the experiments was as follows: Experiment I, 6-14 weeks and 10.5 weeks, Experiment II, 6-17 weeks and 9 weeks, Experiment III, 5-16 weeks and 10 weeks, Experiment IV, 4-16 weeks and 7 weeks, Experiment V, 6-16 weeks and 9 weeks, Experiment VI, 5-14 weeks and 9 weeks, and Experiment VII, 5-15 weeks and 9 weeks.
Stimuli
The stimuli of Experiments I-IV were recordings of an adult male voice. Each pair was matched visually on noncritical features by means of mingographic records. The stimuli of Experiments V through VII were generated by audio oscillator and computer and were recorded on magnetic tape. In all cases, the experimental tapes were loops with Vi -second sound alternating with V2-second silence.
In Experiments I and III, the low back unrounded vowel [a] was contrasted with the high front unrounded vowel [i] . In distinctive feature terminology (Jakobson & Halle, 1971) (Ohman, 1966) . In the case of [ta] and [ti], these potential cues are reduced. All vowel stimuli were presented at 18 decibels (A scale) above ambient noise level.
In Experiment V, the stimuli were square-wave tones of 1,000 and 2,000 cycles per second which were presented at 26 decibels above ambient noise level. The stimuli in Experiment VI were squarewave tones of 100 and 200 cycles per second, also played at 26 decibels above ambient noise level. Finally, the stimuli in Experiment VII, sine-wave tones of 200 and 1,000 cycles per second, were presented at 26 decibels above ambient noise level. Onset of all tonal stimuli was gradual to preclude the occurrence of audible clicks. All sound-pressure measurements were made with a General Radio Company sound-level meter (A scale).
Results
Data for each infant consisted of criterion sucks per minute over successive minutes. To eliminate the positive bias of subjects with atypical (generally high) sucking rates, each subject's scores were converted to percentages of that individual's maximum prehabituation sucking rate. Mean transformed scores for 5 minutes before and after the habituation criteria are shown in Figure 1 for vowel contrasts and Figure 2 for tonal contrasts.
Analyses of variance on the scores of Experiments I through IV revealed significant posthabituation differences between experimental subjects receiving two sounds and control subjects receiving a single sound: [pa] In order to investigate the possibility of differential effects attributable to transitional cues, an overall analysis of variance on the posthabituation scores of the three experiments which contained the common vowel Analyses of variance on the scores of Experiments V through VII revealed no significant posthabituation differences between experimental and control groups receiving 1,000 and 2,000 cycles per second (F -.0030, df = 1/22, p > .25), 100 and 200 cycles per second (F = .6933, df = 1/36, p > .25) and 200 and 1,000 cycles per second (F = 2.5417, df = 1/38, p > .10).
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Further analyses failed to reveal any differences attributable to age or sex in either the vowel or the tonal series.
Discussion
It is readily apparent that infants 1 through 4 months of age can detect certain vowel changes when these follow a common consonant or when they occur alone. It is possible that infants can detect even finer vocalic contrasts than those presented here. To isolate the minimal cues for adequate vowel recognition requires the use of synthetically generated sounds.
There was no evidence that cues resulting from the coarticulation of vowels and consonants exert any substantial effect in the age range studied. However, it is quite possible that recovery of sucking to a novel stimulus is a relatively gross measure which is not differentially sensitive to stimuli of greater or lesser discriminability. The relevance of such transitional cues could be investigated more directly by contrasting a vowel with a vowel plus transition or unreleased stop consonant, for example, [a] versus [at] .
In the light of the present findings with vowels, Koltsova's (in Brackbill, 1962) failure to obtain vowel discrimination might be considered to reflect the limitations of respondent techniques for investigating the discriminative capacities of young infants. Sameroff (1971) has argued, convincingly, that while operant conditioning is possible in the neonatal period, classical conditioning requires further development of cognitive structures, specifically, differentiation of the schema systems relating to both the unconditioned and conditioned stimuli. In addition, the attachment of differential responses to distinct perceptual events, as required by the typical discrimination paradigm, may involve higher-order capacities than simple difference detection, which is inherent in the habituation-dishabituation technique (Trehub & Rabinovitch, 1972) .
Do the remaining data provide evidence for nondiscrimination of frequency differences? One could maintain in the case of the 1,000/2,000 and 100/200 tones that the presence of common harmonics, octave gen-eralization (Deutsch, 1972) , or the relatively small frequency difference is responsible for the failure to discriminate. But what of the 200/1,000 contrast in which all these possibilities are negated? And what of the existing evidence which indicates that such differences are, in fact, discriminable by infants in this age range (Bronshtein et al., 1958; Bronshtein&Petrova, 1967) ?
The present failure to obtain evidence for the discrimination of tonal contrasts raises some fundamental methodological issues. It underscores the inherent limitation of a technique in which nonrecovery of habituated behavior does not definitively signify nondiscrimination. One alternative possibility is that generalization of habituation from the original to the contrast stimulus is occurring. To elaborate on this latter point, the change in stimulation, although discriminable to infant listeners, may, nevertheless, be insufficiently reinforcing or novel to reactivate their behavior. Such an interpretation is inconsistent with the firm conclusions drawn by Eimas et al. (1971) from their failure to obtain dishabituation to intraphonemic contrasts. Eimas et al. spoke of a discontinuity of discrimination which parallelled adult speech perception. They could have referred, more parsimoniously, to a discontinuity of reinforcement value which may or may not signal a correspondence of infant to adult perception. In short, nonrecovery of this operant sucking response does not necessarily indicate nondiscrimination, a fact which has not been made explict by researchers in this field. The extent to which discriminative and reinforcement factors are, in fact, confounded can be determined by additional evidence. This methodological weakness points to the necessity of developing alternative techniques in which the reinforcing and discriminative stimuli are independent.
The above comments notwithstanding, infants do react differently to a change in stimulation when such stimulation comprises tonal contrasts compared to vowel contrasts or even consonant contrasts (Trehub & Rabinovitch, 1972) . One can speculate that we are tapping some critical difference between speech and nonspeech sounds, but this would entail a rather large conceptual leap from the data. Further experimentation with simple and patterned tones is required before one can apply a definitive interpretation to these results.
A final point of confusion is provided by a recent unpublished study by Wormith (1971) in which recovery of nonnutritive sucking was obtained with pure tones of 200 and 500 cycles per second. Whether Wormith's use of an anechoic testing environment or conjugate reinforcement procedure is responsible for the contradictory findings is, at present, unknown.
